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Cells of the fission yeast
Schizosaccharomyces pombe are
rod-shaped, grow mainly by
elongation at their tips and divide
by means of a medially placed
division septum. The site of
division is established early in
mitosis by the formation of an
actomyosin-based contractile ring
at the cell cortex. The ring
assembles throughout mitosis and
contracts at the end of anaphase,
coincident with breakdown of the
mitotic spindle [1].
The initiation of septum
formation is signaled from the
spindle pole body by the
septation initiation network, or
SIN. The core components of the
SIN are three protein kinases —
cdc7p, sid1p, sid2p, in presumed
order of action — and their
associated regulatory/targeting
subunits — spg1p, cdc14p and
mob1p, respectively. SIN
signaling also requires the protein
kinase plo1p, which stands at the
head of the signaling network. The
proteins assemble at the spindle
pole body on a scaffold
composed of the coiled-coil
proteins sid4p and cdc11p. The
nucleotide status of the GTPase
spg1p is regulated by the
byr4p–cdc16p GTPase activating
protein (GAP) complex.
Constitutive signaling gives rise to
multiseptated cells; in contrast,
loss-of-function mutants for any
of the core components of the SIN
or the anchoring scaffold, or
function-specific mutants of plo1,
fail to signal septum formation,
becoming multinucleated as
growth and the nuclear cycle
continue in the absence of
cytokinesis (for reviews see [2,3]).
How do the SIN and the
contractile ring communicate? Of
the known core SIN proteins and
regulators, only plo1p,
sid2p–mob1p and the negative
regulator dma1p associate with
both the ring and the spindle pole
body. Association of
sid2p–mob1p with the ring is
thought to be part of the trigger
for its contraction. However, the
identity of the ring component(s)
that might link the SIN and the
ring has remained elusive.
A new study by Daga et al. [4]
has identified a novel protein,
etd1p, that may link the SIN and
the contractile ring. The ‘ethanol
dependent’ etd1 gene was
identified in a screen for S. pombe
mutants that were either
hypersensitive to, or dependent
upon, ethanol in the medium [5].
Interestingly, etd1 has not been
identified in any screen for
thermosensitive mutants,
suggesting that this novel
selection scheme may allow
isolation of mutants in proteins
with structures that do not
accommodate changes conferring
thermosensitivity.
Etd1 is an essential gene: both
the etd1 mutation and a null give
rise to elongated, multinucleated
cells which resemble mutants with
defects of the SIN or contractile
ring. Unfortunately, etd1p’s
sequence gives no clue to its
biochemical function, and there
are no obvious homologs in other
eukaryotes.
GFP-tagged etd1p localises to
the cell cortex in interphase, with
a bias for the growing cell tips.
Though it lacks any obvious
membrane-targeting sequences,
the protein seems to associate
with sterol-rich membrane
domains. At the onset of mitosis it
forms a broad band overlying the
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Cell Division: SIN, Cytokinesis and
Ethanol Dependency
A novel mutant screen in fission yeast has identified the ‘ethanol
dependent’ protein etd1p as a potential link between the septation
initiation network (SIN), which initiates cytokinesis, and the actomyosin
contractile ring that drives separation of the two daughter cells at the
end of mitosis.
nucleus, reminiscent of other
contractile ring components [1,6].
During anaphase, the etd1p ring
becomes tightly focused along
with other contractile ring
proteins, and then etd1p
associates with the septum as it
ingresses centripetally. The
GFP–etd1 signal decreases at cell
separation.
Localisation of etd1p to the
medial region of the cell requires a
functional ring. In contrast, loss of
etd1p function does not prevent
either the PCH-domain protein
cdc15p, the myosin regulatory
light chain rlc1p or actin patches
from associating with the
contractile ring. Nevertheless,
rings assembled in the absence of
etd1p do not contract and
eventually collapse. Etd1p can be
co-immunoprecipitated with
cdc15p, and mutations of the
respective genes show strong
negative interactions. Whether
etd1p and cdc15p interact directly
remains to be tested. So etd1p
appears to behave as an
important component of the
contractile ring, the primary role of
which may be during ring
contraction, rather than assembly.
If cells are arrested early in
mitosis using a β-tubulin mutant,
etd1p does not associate with the
contractile ring, though many
other components are present. It
is not clear whether this is due to
activation of the spindle assembly
checkpoint — inhibition of the
anaphase promoting complex,
APC/C — or to the absence of
microtubules. It is noteworthy that
sid2p–mob1p also fails to localize
to the contractile ring in spindle
assembly checkpoint arrested
cells [7].
A link between etd1p and the
SIN is suggested by the finding
that, in contrast to many other
ring components [1], etd1p
requires SIN function to form a
tight ring in anaphase. In SIN
mutants, etd1p remains as a
broad band. Strong negative
genetic interactions between etd1
and sid2/mob1 mutations are also
consistent with a function for the
SIN in regulating etd1p function.
Conversely, SIN function is
affected in etd1 mutant cells.
First, the presumptive effector
kinase sid2p–mob1p fails to
associate with the contractile ring
during mitosis in etd1 cells.
Second, though the initial
association of cdc7p with both
spindle pole bodies early in
mitosis appears normal in the
etd1 mutant, it then disappears
from the spindle pole bodies
earlier in anaphase, rather than
remaining asymmetrically
localized to the new spindle pole
body throughout anaphase
[2,3,8,9]. This suggests that the
SIN is inactivated prematurely in
etd1 mutant cells. 
Previous studies have shown
that sid2p–mob1p does not
associate with the contractile ring
in cdc7 mutants [7], so whether
sid2p–mob1p’s absence from the
ring in an etd1 mutant is because
cdc7p is not on the spindle pole
body, or whether etd1p provides a
binding site for sid2p–mob1p at
the ring remains to be determined.
Ectopic activation of the SIN in
etd1 mutant cells cannot promote
septum formation, suggesting that
etd1 lies downstream of the core
SIN kinases. Thus, as summarized
in Figure 1, the absence of the
contractile ring protein etd1p
compromises SIN function, which
may point to the existence of an
etd1p-dependent feedback from
the ring to the spindle pole body.
Constant, strong expression of
etd1p is toxic to cells, blocking
cytokinesis. The phenotype is
similar to the null, suggesting that
the excess etd1p titrates away a
protein essential for cytokinesis.
Identification of proteins
interacting with etd1p will be of
considerable interest. This finding
emphasizes that either an excess
of etd1, or its presence in the cell
at the wrong time, are detrimental.
The final twist in this complex
tale is that the levels of both the
mRNA and protein of etd1p
fluctuate through the cell cycle,
peaking during ring formation and
septation. Etd1p is degraded in a
ubiquitinylation-proteasome
dependent manner at the end of
mitosis. It has been proposed that
the SIN’s influence over the ring is
ended by destruction of the
protein linking them, perhaps
permitting effective reorganisation
of F-actin to growth sites. The
trigger for its degradation and
which E3 ligase promotes its
ubiquitinylation is unknown. It will
be interesting to examine whether
the SIN plays a role in promoting
etd1p degradation.
Recent studies have implicated
proteolysis in the regulation of
cytokinesis [10]. Though the
relevant proteolytic targets may
vary in different organisms, this
finding may hint at a common
theme in the regulation of this
conserved cell cycle process.
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Figure 1. The interdepend-
encies of the SIN and etd1.
The top cell shows the situa-
tion early in mitosis. The SIN
kinases cdc7p and sid2p are
present on both poles of the
mitotic spindle. Etd1p, along
with many ring components
(not shown), forms a broad
band at the cell cortex. Once
nuclear separation begins,
cdc7p associates with only
one spindle pole body, while
etd1p becomes focused into
a tight band. In the absence
of etd1p function, cdc7p
does not remain associated
with the spindle pole body
and sid2p–mob1p does not
go to the contractile ring.
Thus, etd1p activity is
required to maintain SIN
activity (arrow 1). If SIN func-
tion is compromised, etd1p
remains as a broad band,
suggesting that etd1p’s
presence in the assembled contractile ring requires SIN function (arrow 2). It remains to
be established whether this reciprocal dependency is maintained throughout mitosis
(arrow 3).
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